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SECOND S UBSTITUTE SPECIFICATION 

Method for Quantitatively Determining the Width of a Soft Zone Area of a 
Partially Hardon o nod Hardened W orkplece 

BACKGROUND OF THE iNVENTION 
Field of the Invention 

T e chnical Background 

[0001] The present invention relates to a metlioci for quantitatively 
determining the width of a soft zone area of a partially hardened metallic 
workpiece having at [east one hardened and one unhardened area by means of at 
least one multifrequency eddy cun^ent sensor. 

Description of the Prior Art 

Prior Art 

[0002] Components that often are used in automatic transmissions are so- 
called planetary transmissions, whose gear teeth continuously intermesh. Despite 
the multiplicity of differently designed planetary transmissions, all these types of 
transmissions have in common that at least one gear which is designed as a 
planet wheel intermeshes with a centrally placed sun wheel and a peripherally 
running ring gearwheel. Usually so-called planet wheel bolts run through the 
center of the planet wheels, extending on both sides. In order to produce such 
type planet wheel bolts, solid or hollow cylindrical metallic rods are cut to the 
desired length. In order to improve the solidity of the material, the cut cylindrical 
pieces are subjected to a hardening process. For subsequent processing of the 
front ends of the individual cylindrical workpieces, the respective front ends are 
not subjected to the hardening process. Ur ^ nd for harden i nc It is known to harden 
the workplece i s known as w ith induction hardening with-which i t is possible to 
effectively heats practically the entire cylindrical workpiece with the exception of 
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the areas at the front ends of the workpiece. The front end areas of the workpiece 
that should not intentionally ^^^be subjected to the hardening process have, 
depending on the respective size of the workpiece, an axial extension, 
r e sp e Gtiv e ly -having a width, of a few nnillimeters, which p referably is^between 1 .5 
mm and 2.5 mm. 



[0003] The front ends of cylindrical workpieces which are partially hardened 
in the aforedescribed manner are then processed usually by means of a material- 
removing process. It is easy to understand that if the workpiece were fully 
hardened it would be much more difficult to carry out the finishing step and would 
subject the removal tool to much more wear. For this reason, there is particular 
interest in partially hardening under the afored e scribed condtt i ons - partially 
hard e n e d , cylindrical workpieces pres e nt as which are half-finished products in 
order to ensure that the front ends of the partially hardened workpieces represent 
unhardened so-called "soft zone areas" , that remain unhard e n e d . 

[0004] H i therto Previouslv . in order to control the quality of the partially 
hardened half-finished products . - as such known control methodsT were used, such 
as^ for example^ visual inspection of the front soft zone areasj which requires an 
educated leej^ inspection in order to be able to distinguish the hardened area of 
the workpiece from the unhardened one. At a sulted- suitabie angle of vision and 
under swted- suitable lighting conditions, light reflects in a minimally different 
mannerr -. This light scatterinq respective i v scatt e rs,_ is on the surface of the soft 
zone area rather than on the surface region of the hardened workpiece. 
4Md0y bt e dly, this This control method is expensive and time consuming. 
Moreover the Gont roi s taff inspection staff is prone to become tired ; thus control 
resulting in reliability cafi^not being ensured in the desired manner, 

[0005] In order to avoid employing staff, there is one known optical control 
measuring method known which permits detecting the color differences du e to 
w-hioh- resulting from t he light scattering of the soft zone area dPefs -differing f rom 
the hardened zone. 
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[0006] in addition to optical methods, electro-magnetic methods are known, 
for example, the multifrequency eddy current method described, for example in 
DE 36 20 491 C2. The eddy current principle detects surface flaws as well as 
differences in the microstructure from irregularities in the induced eddy currents. 
Scanning probes or encircling probes induce these eddy currents and 
simultaneously measure the electro-magnetic fields generated by these eddy 
currents. Evaluation of the measuring signals obtained by means of the 
multifrequency eddy current method described in the preceding printed publication 
is based on elliptical evaluation in the impedance plane using a multiplicity of 
measuring frequencies afid -which permits a solely qualitative finding of the to-be- 
examined workpiece. With the propos e d previous evaluation methods, it is not 
possible to state the absolute size of the soft zone areas- pr e sent . 

[0007] Also known are so-called magnetic Barkhausen noise methods with 
which high-frequency Barkhausen oscillations are induced in to a to be e xam i ned 
the workpiece under examination by means of dynamic reverse magnetization 
processes. The high-frequency Barkhausen oscillation can be detected by a 
magnet-inductive receiver. The intensity of the Barkhausen noise is much more 
intense in the soft zone area than in the hardened zone area so that it is possible 
to discern and measure the differences in the two workpiece areas. A 
disadvantage, however, is the necessity of an excitation yoke and the great 
sensitivity to disturbing outside influences, which permits industrial use of such a 
typo of method only t o only a limited extent. 

[0008] DE 43 10 894 A1 describes a method and a testing probe for non- 
destructive examination of suri'aces of electrically conductive workpieces. The 
disclosed testing probe descri b e d in th e pr i nte d pub l icatio n-should enable 
obtaining information about the hardness, thickness and state of the 
microstructure of an electrically conductive workpiece. ^ Due to the ArLinteraction 
e ^occurs between the magnetic alternating field acting in the workpiece and the 
measurable voltage induced in the testing coil of the multifrequency alternating 
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field sensor. With the aid of a multifrequency eddy current sensor, information can 
be gained about at least one material property of the e xamin e d surface under 
examination in the area of the penetration depth of the magnetic alternating field. 
In particular, the prior art method for determining the course of a hardness profile 
along a-te-be -e xamin e d an electrically conductive workpiece being examined 
serves to determine the thickness of the respective surface layers on the 
workpiece. 

SUIViMARY OF THE INVENTION 
Summary of the I nvention 

[0009] The present invention provides a method for determining 
quantitatively the size of a soft zone area of a partially hardened metallic 
workpiece, which has at least one hardened and one unhardened area, using at 
least one multifrequency eddy current sensor, in such a manner permitting quick 
and exact quantitative determination of the soft zone area of a partially hardened 
workpiece, which is preferably a planet wheel bolt present in the-aform of a half 
finished product, by means of simple and cost-effective means. It should be 
possible to use the method on an industrial scale and in inline operation, that is on 
a continuously or pulsed operated production line. 

[0010] The quantitative measurement with which the soft zone area should 
be measured should be sufficiently exact to have f or example wit+va precision of 
±0.3 mm. 

[0011] According to the method of the invention, a m e thod a ccording to the 
g e n e r i c part of th e inv e nt j efiHS d e v e loped i n that a workpiece is moved 
respect i vely l ed individually relative to a multifrequency current eddy sensor in 
such a manner that an eddy current field generated by the multifrequency eddy 
current sensor interacts contactfessly with the workpiece in a spatially limited 
manner^ , g e n e rates th e rein eddy Eddy currents^ are generated in the workpiece 
which, in turn, generate a measuring signal in the multifrequency eddy current 



4 



sensor , with th e J The limited eddy current field having a gre a te s t has a greatest 
extension and extends farthest e xt e ns i on ori e nt e d in a^longitudinal direction te-of 
the surface of the WQrkpiece,7-M4tiet= ^ The extension of the eddy current field is 
greater than a maximum extension of the soft zone area in a-the_longitudinal 
direction relat i ve t -&-of the surface of the workpiece. 

[0012] With the aforementioned measuring preconditions, in a first step 
calibrated data obtained from a number n of workpieces njs generated which 
preferably are from the group of the to bo measured w orkpieces to be measured . 
Assuming a A ^predetermined standard size of the width of the soft zoneT4hat is 
assumed which is the desired size of an extension oriented in longitudinal 
direction te ^along the surface of the workpiece.r4h e The measuring signals of the 
n workpieces are used to plot a calibration curve. Then y^ing-the calibration curve 
obtained in this manner, the subs e quently conv e yed is used subsequently on the 
n_workpEeces which are measured in the same manner. _Based on the calibration 
curve, the obtained-measuring signals which are obtained can now each be 
assigned to absolute soft zone widths. 

[0013] The method of the invention is therefore distinguished by, in a first 
step, by a dynamic calibration- r4hat i s corr e lating which correlates the measuring 
signals with desired sizes in th e form of actual soft zone widths pr e s e nt -as 
absolute values, occurring while the workpieces are being conveyed to the 
measuring sensor in a continuously pulsed manner. In a second step, the soft 
zone widths of all the s u bse qu e nt workpieces which are subsequently conveyed 
to the multifrequency measuring sensor are then quantitatively determined with 
high precision. The m v ente d method of the invention , thus, can be used on 
industrial production lines without i nfiuencing slowing the flow of the workpieces 
on the conveyer belt as -since t he conducted quality control step is completely 
contactless, 

[0014] The method of the invention is described in the following with 
reference to measuring planet wheel bolts as half-finished products, which as 
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mentioned in the preceding have a cylindrical shape and two soft zone areas 
provided on their front ends. The front end soft zone areas are separated from 
each other by a hardened middle area which is dimonsioned longer in the axial 
direction. 

[0015] Of course, the method of the invention can also be applied to 
alternative partially hardened workpieces where information about an exact spatial 
extension o ^either hardened or unhardened workpiece areas i sH^ -e lev a nt 
required . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Br ie f Descr i ption of tho inventio n 

[0016] The present invention is made more apparent by way of example in 
the following without the intention of limiting the overall inventive idea using 
preferred embodiments with reference to the accompanying drawings. 

100171 Fig. 1 shows a schematic representation of a partially hardened 
planet wheel bolt with a multifrequency eddy current sensor; and 

[0018] Fig. 2 shows a qualitative, diagrammatic representation of an 
amplitude locus cun/e for determining a defined relative position between the to- 
.b^mfi.a^j:gia-wnrkpiF>nfi which Is to be measured a nd the multifrequency sensor. 

DESCRIPTION OF THE INVENTION 
O c G cr i ption of the I nvention 

[0019] Fig. 1 shows very schematically a planet wheel bolt 1 which usually 
is made of a solid metallic material and has, by means of induction hardening, a 
hardened zone 2 in the middle region of the bolt 1 . Fig. 1 shows both a lateral as 
well as a front view of the measuring situation. Adjunet- Adjacent to the hardened 
zone 2 on both sides are unhardened areasj^r-fee These so-called soft zone 
areas 3, w h i ch terminate with-aLthe front ends of the planet wheel bolt 1 . 
Depending on the shape and dimons i onina dimensions of the planet wheel bolt 1 , 
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the soft zone areas 3 usually have an axial longitudinal extension ^, i . e . a A ^soft 
zone width b ranaino - ranqes between 1 .5 mm and 2.5 mm. 

[0020] I n ord e r to e xactly Exact measure ment of the soft zone width b, 
fenewtedge of wh i c h-is Important for subsequent p fOGess i R g-processes>i-a&^ 
roGult of which the The planet wheel bolt present as is„a half-finished product 
assumes with an outer shape, which for example is determined by selective 
materia! removal inside the soft zone area 3.T4h e The multifrequency eddy 
current sensor 4 Is moved parallel to the longitudinal extension of the planet wheel 
bolt 1 at- along a distance th e reof in the direction depicted in Fig. 1 . In an industrial 
application, it is advantageous if the multifrequency eddy current sensor 4 rests in 
place and the to be measur e d workpieces which are measured are conveyed 
S4figl¥ -one at a time to the sensor area along a conveyor path. 

[00211 The multifrequency eddy current sensor 4 possesses an effective 
width which is oriented in the direction of movement {see arrow). The effective 
width is larger than the axial extension of the soft zone width 3 so that it is 
ensured that with suited -suitable positioning relative to the planet wheel bolt 2, the 
eddy current field generated by the multifrequency eddy current sensor 4 extends 
completely over the soft zone area 3. 

[0022] For exact determination of the soft zone width b, a measurement 
constellation has to be created in which the multifrequency eddy current sensor 4 
extends completely over the soft zone 3, with the eddy current field generated by 
the multifrequency eddy current sensor 4 simultaneously being able to penetrate a 
partial area of the hardened zone adjacent to the soft zone 3. Fig. 1 shows such a 
type-measurement const e l l ati o n . 

[0023] As the relative movement between the multifrequency eddy current 
sensor 4 and the planet wheel bolt 1 occurs with a constant velocity, the time 
point, rocp o ctivoly that for the measurement constel l ation a s shown in Fig. 1, has 
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to be determined in which the sought measurement of the sought soft zone 
width b is possible. 



[0024] 



Usually, detection of the measuring signals by means of the 



multifrequency eddy current sensor 4 occurs in a pulsed manner so that a 
multiplicity of single measuring signals are detected while the eddy current 
measuring sensor 4 moves over the entire length of the planet wheel bolt 1 . The 
multifrequency eddy current sensor 4 is operated In an advantageous manner with 
4 different test frequencies so that ultimately 4 measuring signals are obtained per 
measuring point. For further evaluation ift4l=te -with a complex impedance level, the 
measuring signals are each split into real and imaginary parts according to phase 
and amplitude. Thus there are 8 different measuring signal components at 
dtepesat- available for signal evaluation per measuring point. 




movement of the multifrequency eddy current sensor 4 along the surface in the 
axial direction to the planet wheel bolt 1, the obta i R e d -measuring signals can be 
represented in the form of an amplitude locus curve for each measuring 
frequency. The amplitude locus curve (X-axis corresponding to the locus 
coordinatev and the amplitude levels of the measuring signal are plotted along the 
Y-axis) shown in Fig. 2 permits exact extraction of tt^the measuring signal 
obtained in the aforedescribed measuring G^nsteWation-required for measuring the 
soft zone width b. The determination, r o Gp o ctiv el v and selection, of the measuring 
signal r elevant required for measurement evaluation from the amplitude locus 
curve occurs based on empirically galBe4- obtained data if the relative velocity 
between the sensor and the workpiece is sufficiently constant. 

[0026] In the same manner as- that the measuring signal is extracted for 

determining the width of the soft zone shown in Fig. 1 as the left soft zone 3, a 
c e rtai n measuring signal for determining the width of the right soft zone 3 of Fig. 1 
can also be derived-- for tho right soft zone - 3-in - Fig. 1 . 




[0025] 



From the measuring signals which are obtained during the relative 
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[0027] The preceding description shows that the relative spatial position 
between the multifrequency eddy current sensor 4 and the tQ - be - m ea ^u fed-planet 
wheel bolt 1 which is to be measured can be determined contactlessly solely 
using the measuring signals obtained with the multifrequency eddy current 
sensor 4, 

[0028] Before the o bta i n e d measuring signals which are obtained , which 
are present as amplitude and phase data, can be assigned to exact width 
values brlfor example by giving absolute mm values), the measuring signals must 
be calibrated. T-whi€h- Calibration according to the present invention, is carried 
out dynamically, that is during norma! production conveyance of the to be 
m ea sur e d- planet wheel bolts to be measured t o the multifrequency eddy current 
sensor 4. _Provided that the partially hardened planet wheel bolts, which are 
present as half-finished products^ £are-so-called "Okay parts"}, that is planet wheel 
bolts with known correctly dimensioned soft zone widths b, wh i ch ar e known, t he 
first number n of the workpieces conveyed to the multifrequency eddy current 
sensor 4 are selected for calibration. Single planet wheel bolts are measured for 
calibration purposes in a swted- suitabie manner, with the planet wheel bolts 
measured in the aforedescribed manner always yielding the measuring signals 
which are correlated with the-absolute soft zones widths b. In order to, for 
example, extract the measuring signal which represents the soft zone width b 
adjacent to the left front end of the planet wheel bolt 1 from the amplitude locus 
curve, the point P1 is selected based on the empirically gained data. The number 
of the measuring signals lying between the point P1 and the minimum is 
determined empirically. Selection of the point P2 which represents the width of the 
right soft zone occurs in the same manner. 

[0029] However, determining a calibration curve requires, at least one 
additional measuring point yielded by detecting a measuring signal in the center of 
the planet wheel bolt, thys4n~ which is the center of the hardened zone 2. Ji=^ 
The measuring signal P3 is located between the minimum and the maximum of 
the amplitude locus curve. As it can be assumed with certainty that this region 
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contains no soft areas, the soft zone width b equals zero. Based on these two 
measuring values, a calibration curve is plotted, which is used as a basis for 
further measurement of the subsequent planet wheel bolts. 

[0030] All the planet wheel bolts following in the conveyance direction of the 
planet wheel bolts which have already been measured for calibration purposes^ 
are measured with regard to their soft zone widths b in the identical mannerr^ 
- howev e r However, this measurement is on the basis of the obtained calibration 
curve. This is done by assigning the measuring signals obtained on the defined 
measurements const e llations t o the width values fegap d i na relative to t he soft 
zone 3 which can be obtained from the calibration curve. 

[0031] In order to further increase measurement precision, the planet wheel 
bolts used for calibration purposes can subsequently be measured regarding their 
respective soft zone widths b using conventional measuring methods. If the 
conventional measuring methods, for example visual measurement of the soft 
zone width of etched bolts, in which the soft zone differs distinctly in color from the 
hardened zone, deviate from the measuring signal obtained by means of the 
dynamic calibration, the calibrated curve can be corrected accordingly. 

[0032] With the a i d of th o inv e n te d the method of the invention , planet 
wheel bolts can be conveyed along a conveyance path to a multifrequency eddy 
current sensor in such a manner that it is possible to measure precisely up to 60 
planet wheel bolts a minute. The measurements can be conducted with a 
quantitative precision of ±0.3 mm regarding the width value of the soft zone. This 
extraordinarily high precision and reliability of the testing method results in a very 
low pseudo-reject rate , which gives th e p o rt of the m o asured pl a net wh ee l bo l ts 
wh i ch w e ro e rroneous l y e valuat e d outside a fr e ely pelectabl o tol e ranc e rang e. 
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[0033] List of References 



1 planet wheel bolt 

2 hardened zone 

3 soft zone 

4 multifrequency eddy current sensor 
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Wh a t Is Glaimod ts 



1 . (Currently Am e nd e d) -- A - met ) ^od for quan det e rm i ning a width of 

a soft zone ar e a of a partia ll y hard e n e d m e taltiG workpi e c e , wh i ch has a t le ast on e 
hard e ned and on e unharden e d ar e a, by m e an s of at l e ast on e-ffii:flti f - F e € [y enGy 
e ddy curr en t s e nsor, wher ei n: 

a s i ngl e workpiec e is individua ll y mov e d r e lat i v e to the - mu l t i frequiency eddy 
cunrent s e n s or in sueh a manner that a spat i a ll y i i m l t e d eddy curr e nt fi e ld 
g e nerated by th e multtff e qbfency eddy curr e nt interacts with th e- wor k p fe c -e 
contact le ssly. gen e rat e s e ddy curr e nts th e r e in which, i n turn, g e n e rat e a 
m e asuring signal i n-tho mult i fr e quency e ddy curr e nt sonsorv i n which th e spat i a l ly 
ti m i t e d e ddy current fie l d has a gr e atest e xt o ns i on oriented i n longitud i nal direction 
to th e -s urface of th e workpiec e ^ hi ch -e xt e ns ion is gr e ater than the max i mum 
extension of the soft zone area in longltud i nai direction of th e - s urfaG O of the 
workpi e c e, 

a numb e r n of - wor k pi e e es for ca li brating purpos e s is m e asur e d, with th e 
m e asur i ng signa l s o f t h e n workpi e ces being ut i lized to plot a calibration curv e 
using a p red e te rmined standard s i z e of th e width of the soft zone, w i th a d e s i red 
siz e of an -e x - tens i on ori e nted i n long i tudma l d i r e ct i on of the soft zone are a, and 
an absotute-soft - z o ne width is assign e d to m ea suring signals bas e d on th e 
c a libration and obtalnod from each indiv i dual workpiec eT 

^^ ^ ■e ntiy Am ende d) The m e t hod ac co rd i ng to c i aim 1. wh e rein: 
th e workpi e ces are - design e d Gy l indr i cai and are mov e d re l ative to the e ddy 
current sensor al ong their cyl i ndrical ax i s. 

3: (Currently Am e nd e d>-Th e -method a ccord ing to c l aim-1 , wher e in: 
the work - pi ece s ar e planet wh eel bolt^^hich hav e- ^ - G - y i indr i c ai-ge om e try an d4wo 
s of t aro as l ying on the front ends there of separat e d by a harden ed middl e are a, 
with the middl e ar e a having a g r e at e r ax i a l ext e nsion than th e soft zone areas, 
wh i ch G ooh usually hav e an axial ext e nsion, with a soft z o ne w i dth, of 1.5 mm to 
2,5 mm. 
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^ .(Curr o ntly Amonded) The method acGord i ng to . cl a im 1 wher ei n: 
th e multifr o qu o ncy oddy current - s e nsor i s op e rated in such a mann e r that durin g 



m e asuring of a workpi e c e . which mov e s continuouG l y relativ e to th e 

i s g e n e rated and plott e d as an amp l itud e locus curv e ; and 

from at l e ast on e part - ef the amp l itude locus curve a m e asuFing 

recorded which is used to det e rm i ne th e width of tho soft zone. 

5. (Curr o ntiy Amend e d) The method according to claim A, wherein: 
the^ cfinod position is s e lect e d in su ch a mann e r that th e e ddy - current f i eld of th e 
mu l tifr e quoncy eddy curro nt sensor compl o t o ly contains the soft zon e ar e a at 
l east i n longitudina l ext e nsion to t he dir e ction of movem e nt 

6. (Curr e ntly Amend e d) Th e method according to cla i m A , wh e re i n: 
the d e fin e d-position i o dot o rminod solely by e valuation of the amp l itud e locus 
curve. 

7;(Currently Am e nd e d) Th o m et hod according to claim I-. - wh e r e in: 
a-mu[^ti^ffeqyei=K5y^4y"-e^^ 

fr o quon ci es is us e d as the multifroqu e ncy eddy curr e nt s e nsor 

8. ( Now) (Curr e ntly Am e nded) Tho m e thod accord i ng to claim 1, 

where i n: 

tho workptec o G a rc plan e t wh ee l bo l to which hav e a cyl i ndriGal - g eo m e try 
and t wo soft areas lying on th e front ondo th o roof c o parate d by a hardened mi ddle 
aroa, with tho middle ar e a having a gre a ter axi a l o xt e noion than the soft zone 
ar e as, which each usual l y have an axial e xtens 
m m - to- 2. 6 mm. 
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Q.(Now) Th o method according to cla i m 2 wh e rein: 



tho mult i frcquoncy eddy curr e nt s e n s or is op e rated in cuch a manner that 
dur i ng m e asuring of q workp i ece, wh i ch moves cont i nuouGly relative to the 
multifr e quency sensor w i tli a constant v e loc i ty, a mult i p l icity of m o a c uring signals 
iG g o n o rat o d a nd plotted as an amp li tu de-teeusHS^Fve^aBd 

from at l east ono part of th o amplitude locus curve a m e asuring 
constellation i s s e l e ct o d in wh i ch th e workptoc e has a defined posit i on to the 
mi^lti fr -o quency eddy current sen o or, in which position a measur i ng signal is 
recorded which is u s ed to determin e the width of tho soft zone. 



th e multifrequency e ddy curr e nt ponsor is op e rated in such a - manner that 



mu l t i fr o quency c o nsor with a conctant v e iocity. a multiplicity of moasuring signals 
i s gen e rat e d and plotted as an amp l itude locuc curv o ; a n d 

fromH 3t l e ast on o part of th o amplitud e locus curvo a measuring 
constellat i on i s so le ct e d i n wh i ch th o workp ie c o has a definod position to th e 
mu l t i f r oquency eddy current s e nsor, in wh i ch position a moaGuring signa l is 
r e cord e d which i s used to det e rmine th e width of th o soft zone. 

4- 1-.(N e w) The - m e thod aocerd i ng to c l ai m 9, where lf ^ 

tt^te-delmed^posmeFHs-setectedHf^-^^ 
of the multifrequency e ddy current se ns or compl e t el y contains th o soft zone area 
at least in longitudinal extens i on to the dir e ction of movement. 

12. (New) The method according to c l aim 10, wh e re i n: 

th o d e fined position is s el e ctod In such a manner that the e ddy current f i eld 
o f th e multifrequency e ddy curr e nt sen sor comp lo t el y containo th o soft zon e area 
at loast in longitudinal o xtonsion to th o direction of mov e ment. 




io - cla i m 3 whorein: 
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13.(N e w) The method aocording to claim 11. wher e in: 
th e d e fin e d position is det e rmin e d solely by eva l uat i on of th e amp l itud e 
l ocus curve. 

■ 1 4 . (New) The method according to c l aim 12, wher e in - : 
th o defin e d position is det o rmined sole l y by evaluation of th e amplitude 
l ocus cuny e- 

15. (New) The - method according to c l aim 2, wh e re i n: 

a multifr e quoncy eddy curr e nt s on sor op e ratable w i th four different test i ng 
frequenci e s is used as the mu l t i frequ e ncy eddy curr e nt s e nsor - 

16. (N e w) Th e method according to c l aim 3, wh e re i-Rf 

a multifrequ en cy e ddy curr e nt sensor op e ratab le w i th four diff e rent t e st i ng 
f - roquencies i s used as the mu l tifrequency o ddy current sensor. 

4:^-f4e w) The m e t lrod accord i ng to claim A, wherein: 

a mu ltifr e qu o ncy eddy - curren t s ensor op e ratabl e with four diff e rent test i ng 
frequenci e s - Is u se d as th e muitif requene y- e ddy current sensor. 

4^&r(New)--T^he--methed--ac€OF4jn 

a mu l tifrequency o ddy curr e nt s e nsor opor a tabl o with four d i ff e r e nt t e st i ng 
frequenoies is used as the mu l tifr e quency eddy current sensor. 

19, (New) Th o m e thod a ccording to claim 6v -' W h e fefBf 
a - m ul tifrequency eddy curr en t sensor op era tab le -with four different t e sting 

froquenci o s is used as tho multifrequ o ncy eddy current se ftsofr 

20, (Now) Th e method accord i ng to c l aim 8, wher e in: 

a multifr e qu o ncy eddy curr e nt sensor ope rat ab le w i th four difforcnt t e sting 
fF equ e ncies is us e d as th e multifrequency eddy current sensor. 
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21. (N e w) Th e- m e thod according to claim 9. wh e r e in: 
a multifrequency eddy current s e nsor op e rat a bl e w i th -- ft> i jr - diffoF e nt t e sting 
frequ e nc ie s is used as the mult i fr e qu e noy eddy current s e nsor. 



22. (Now) The method according to c l a i m 1 0r wh e r e in: 
a multifrequ e ncy eddy current sensor operat a ble with four diff e r e nt t e sting 
f -ffiq u e ncies i s used as th e multifr e quency - eddy curr e nt s e nsor. 

23; (N e w) Th e method accord i ng to c l aim 1 1 . wher ei n: 
a multifr e quency eddy - G Uf r^t scnsor op e ratable w i th four different test i ng 
frequencies is us e d as th e mult i fr e quency eddy curr e nt senseF - . - 

2 4 . (New) The met h od according to cla i m 12, wherein: 

frequenci e s is used as the mu l tifr e quency e ddy current sensor. 

g^ . (4 4e w) T h e method a ccording to cla im 13, wher e in: 

a multifrequ e ncy eddy curr e nt-s e nsor - operatabl e w4th - four d i ff e r e nt t e sting 
fre q uen c ie s is - u s ed as th e m ul t if r e qu e ncy eddy curr e nt sensor r 



-methed-acco rding 4o^etafm- 
a ir t ultifroquency eddy c urre nt s e nsor operata ble with four different t e sting 
frequenci e s is used as the multifreq - u e noy e ddy curr e nt sensor 
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Abstract 



Disclosed is a method for quantitatively determining the width of a soft zone 
area of a partially hardened metallic workpiece, which has at least one hardened 
and one unhardened area, by means of at least one multifrequency eddy current 
sensor._A single workpiece being individually is moved relative to the 
multifrequency eddy current sensor in such a manner that a spatially delimited 
eddy current field generated by the multifrequency eddy current Interacts with the 
workpiece contactlessly, generates eddy currents therein which, in turn, generate 
a measuring signal in the multifrequency eddy current sensor, in which the 
spatially delimited eddy current field has a greatest extension oriented in 
longitudinal direction to the surface of the workpiece which extension is greater 
than the maximum extension of the soft zone area in longitudinal direction of the 
surface of the workpiece. 
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